Abstract: Degradable native low density polyethylene (LDPE) and modified LDPE films containing 5-30 wt% of sago starch, and LDPE with prodegradant additives in the form of a master batch (MB) in the amounts of 30% starch were prepared by twin screw extrusion followed by injection molding. Studies on their mechanical properties such as tensile strength and elongation at break and biodegradation were carried out by tensile test and exposure to hydrolysis, fungi environment as well as by natural weathering and burial in soil. The presence of high starch contents had an adverse effect on the tensile properties of the blend films. High starch content was also found to increase the rate of biodegradability of the films. The characteristic parameters of the environment were measured during the period of degradation and their influence on degradation of LDPE was discussed. Changes in weight, morphology, thermogravimetric analysis (TGA) and tensile properties of polymer samples were tested during the experiment performed.
Introduction
The last few decades have seen a tremendous increase in the use of polyethylene (PE), particularly in the agriculture and packaging sectors. This has resulted in its increased production and associated plastic litter problem as PE in its pure form is extremely resistant to environmental degradation. Pure PE is regarded as an inert bulk polymer; it degrades < 0.5% in 100 years and 1% if exposed to sunlight for 2 years before biodegradation [1] . This led to environmental problems and also to the land shortage problems for solid waste management [2, 3] . Recycling is seen as an attractive and alternative approach to solve this waste problem. The production and use of biodegradable polymers are considered as a possible route to produce the dependence on landfills in solving solid waste problems.
Starch is a natural carbohydrate storage polymer accumulated in the form of intracellular granules by plants. It is composed of linear polysaccharides called amylose and branched polysaccharides called amylopectin [4] . Amylose is a linear polymer of α-d-glucopyranosyl units containing both 1,4-α-d-glucosidic linear linkages and 1,6-α-d-glucosidic linkages at the branch points. α-Amylase is the main enzyme involved in the hydrolysis of the 1,4-α-d-glucosidic linkage in starch. Therefore, starch will rapidly degrade with the addition of enzymes because enzymes typically catalyze the hydrolysis of natural biodegradable polymers, and α-amylase catalyzes the hydrolysis of starch [5] . Sago starch is currently used in the development of biodegradable polymers. It is considered as an excellent candidate to partially substitute synthetic polymers in packaging, agricultural mulch and other low-cost applications [6, 7] . Sago starch has been widely studied by many researchers in edible films and coatings, being used to protect food products [8, 9] . When various materials are blended with starch, their performance changes during and after processing as a result of the hydrophilicity of starch [10] . The blending of biodegradable polymers, such as sago starch, with inert polymers, such as low density PE (LDPE), received considerable attention because of the possible application of this technique in the waste disposal of plastics. The logic behind this approach is that if the biodegradable component is present in sufficient amount, and if it is removed by microorganisms in the waste disposal environment, then the base inert plastic should slowly disintegrate and disappear [11] .
Biodegradation of PE has been studied extensively [12] [13] [14] [15] , but the results were based on polyolefin blended with starch. The main attacking agents in biodegradation are microorganisms e.g., actinomycetes, fungi, bacteria etc., which are widespread in soil, water and air. Carbon, hydrogen, oxygen, nitrogen are the basic nutritive elements for their growth and metabolic activities. Biodegradable polymers provide the nutrient source for these microorganisms. Despite these works, none has focused on the evaluation of the relationship between morphology and biodegradability of these partially biodegradable systems. In the present study, the effect of filler loading and the incorporation of additives in the sago starchbased LDPE films has been considered as a means of improving the biodegradability of plastic materials made from these blends.
Materials and methods

Materials
The LDPE matrix used in this study was supplied by Petlin (Malaysia) Sdn. Bhd., Kuala Lumpur, Malaysia. It had a density of 0.922 g/cm 3 and a melt flow index of 3.3 g/10 min (190°C/2.16 kg). Sago starch, food grade used as filler, was purchased from G-Far Keropok Enterprise (Batu Pahat, Johor, Malaysia). The biodegradable agent used was a mixture of sago starch and urea. The radical initiator used was benzoyl peroxide (BPO). To accelerate the oxidation of LDPE, an autoxidizing agent such as manganese stearate should be used. Manganese stearate was supplied by a H.L. Blachford Limited, Mississauga, ON, Canada. Reagent grade urea and BPO were purchased from Sigma-Aldrich (M) Sdn. Bhd., Subang Jaya, Selangor D.E, Malaysia.
Methods
Extrusion: sample preparation
LDPE and sago starch were dried to a moisture content < 1% for 24 h in an oven at 80°C prior to mixing. This was done to avoid the formation of a porous film. LDPE and granular sago starch at different starch loadings (5-30 wt%) and LDPE with a prodegradant additive (2% urea and 0.1% manganese stearate) in the form of a master batch (MB) in the amounts of 30% starch, after having been thoroughly mixed, were extruded using a Brabender twin screw extruder (Model: TSE 20, GmbH and Co. KG, Germany). The amount of initiator (BPO) was fixed at 0.1 wt% on LDPE weight basis. Details of the formulations and the sample Native LDPE  100  0  ---LPS5   95  5  ---LPS10   90  10  ---LPS15   85  15  ---LPS20   80  20  ---LPS25   75  25  ---LPS30   70  30  ---LPS30MB  68 designations are given in Table 1 . The extrusion conditions were as follows: temperatures 150°C/150°C/140°C/140°C from feeder to die; screw speed, 80 rpm, respectively [16] . The extruded strands were air-cooled and then pelletized by a pelletizer. The pellets were dried at 80°C for 24 h in a vacuum oven to remove the moisture and then cooled to room temperature before the sample preparation by the injection molding process. These extruded film pellets were taken for preparation of dumbbell-shaped specimens using an injection molding machine (Toyo, model: Si180iii-E200, Japan) with a clamping force of 180T at 160°C, in order to obtain specimens to measure mechanical properties.
Mechanical test
The tensile strength and elongation at break of the injection molded dumbbell-shaped samples were determined by a Shimadzu Universal Testing Machine (Model AG-1, Japan) with an electronic load cell of 5 kN. Samples were cut out into uniform shapes according to ASTM-D 638-03, standard [17] . The test was carried out at a crosshead speed of 10 mm/min and a gauge length of 50 mm. All tests were performed at room temperature (23 ± 2°C) and at a relative humidity of 50 ± 5%. At least five samples were tested for each composition.
Scanning electron microscopy
The tensile fractured surfaces of LDPE/sago starch (LPS) and LPS30MB samples before and after biodegradation was studied by scanning electron microscopy (SEM, model Zeiss, Evo 50) operated at 10 kV and magnification of 50 × and 100 × . The fracture ends of the samples were mounted on aluminum stubs and sputter-coated with a thin layer of gold to avoid electrical discharge during examination.
Thermogravimetric analysis-DTG
Thermal properties measurements were performed with a thermogravimetric (TG) instrument (TA instruments, TGA Q500) under nitrogen atmosphere within a temperature range of 25°C-600°C at a heating rate of 10°C/min. TG analysis (TGA) was conducted with the samples (8 ± 2 mg) placed in platinum crucible in nitrogen atmosphere at flow rate of 40 ml/min to avoid unwanted oxidation. The onset of degradation temperature, the temperature at which weight loss is maximum, and residual weight in percentage were evaluated.
Biodegradation studies
Biodegradation behavior of native LDPE, LPS and LPS30MB blend films were studied by ascertaining the loss in weight during hydrolysis, exposure to fungi environment, natural weathering and burial in soil.
Hydrolysis studies
For simple hydrolysis, dumbbell-shaped samples were soaked in 20 ml distilled water at 70°C. Weight measurements were taken every 3 h to record the weight losses versus time. By contrast, for alkali hydrolysis, a similar procedure to that of simple hydrolysis was followed except that 0.1 N NaOH solution was used instead of distilled water.
Exposure to fungi environment
The biodegradability of the samples was carried out according to the ASTM G21-70 [18] . In this method, the samples were placed in sterile Petri dishes containing solidified nutrient salt agar. Petri dishes were covered by wax to avoid any kind of contamination. A fungi spore solution, Aspergillus niger, was prepared. The surface of the test specimens was inoculated with the fungi spore suspension by spraying the suspension from a sterilized atomizer with 110 kPa of the air pressure, so that the entire surface was moistened with the spore suspension. Covered Petri dishes were incubated at 28°C-30°C and 85%-90% relative humidity for a minimum of 30 days. The specimens after 30 days were washed free of growth, immersed in an aqueous solution of mercuric chloride for 5 min, rinsed in tap water and air-dried overnight at room temperature. Thereafter, the samples were examined for evidence of colony growth and reweighed to determine the weight loss. The extent of colony growth was assessed and is presented in Table 3 .
Natural weathering test
The surfaces of the dumbbell-shaped samples mounted on racks were exposed to naturally actinic radiation in UMP Gambang, Kuantan, Malaysia for 6 months. The rack was adjusted to face the equator at an angle of 45° and the rack was situated at an open area where it was free from being overshadowed by other objects. The specimens were exposed to all environmental effects such as rain, sunlight and wind [19] . The average temperature was 27.15 ± 0.50°C with relative humidity 60%. A control experiment on similarly prepared samples was carried out indoors to compare with those under exposure outdoors, which indicates their shelf life. Weight loss of the polymer with respect to time was recorded every 3 months as a measure of degradation.
Soil burial test
Dumbbell-shaped samples were buried in a perforated plastic box to allow the samples to be attacked by microorganisms and moisture. The box was buried in soil (garden soil) for 6 months at a depth of 15-20 cm below the soil surface. After different time intervals, the samples were removed carefully from the soil and washed gently with distilled water to remove the soil adhering on the surface. The samples were dried at 60°C under vacuum until a constant weight was obtained. The percentage weight loss was calculated using the equation below:
where W 2 and W 3 are the weights of the dried sample before and after degradation in the environment.
Results and discussion
Mechanical properties
Mechanical properties were investigated to evaluate the tensile properties of native LDPE, LPS and LPS30MB blend films. Figure 1 shows the effect of starch content on the tensile strength and elongation at break of the blend films. The addition of sago starch filler to LDPE matrix followed the general trend of the effects of non-reinforcing filler on polymer properties. The tensile strength and elongation at break showed an inverse relationship with starch content. This indicated that the tensile strength and elongation at break decreased with increase in starch content. The reduction of tensile strength and elongation at break became more pronounced when the concentration of starch loading was increased. It is clear that the tensile strength and elongation at break of the blend films decreased from 7.23 MPa to 5.6 MPa and 127.04% to 21.43%, respectively. This may be attributed to the filler-filler interaction, which becomes more significant than that of the filler-matrix interaction. The reduction of the elongation at break with the increasing filler loading indicated the inability of the filler to support the stress transfer from polymer matrix to filler. These results are in agreement with the works of Rosa et al. [20] and Borghei et al. [21] . Although lower tensile strength was observed for LPS30MB blend films compared with native LDPE, this decrease was smaller than that of the LPS30 blend films. The absolute value of tensile strength for LPS30MB blend films was higher than that of LPS blend films. This is probably because of a better interfacial bonding that took place between the starch filler and the LDPE matrix after the addition of prodegradant additive (2% urea and 0.1% manganese stearate). It can be seen that the elongation at break for LPS30MB was lower than for LPS30. However, the effect of the prodegradant additive (2% urea and 0.1% manganese stearate) was not evident on this property.
Biodegradability studies
Several methods are usually applied for assessing the biodegradability of novel materials. Some of the classical methods are simple water hydrolysis (exposure to water at pH≈7.0) and accelerated alkali hydrolysis (pH≈7.8), exposure to fungi, natural weathering and burial in soil.
Hydrolysis studies
The weight losses of native LDPE, LPS and LPS30MB blend films during degradation in simple and alkaliaccelerated hydrolysis are summarized in Table 2 . There was no visible weight loss of native LDPE incubated in simple and alkali-accelerated hydrolysis. We could expect that the degradation process should be sped up through microbiological consumption of the starch particles, producing a greater surface/volume ratio of the PE matrix. LDPE with higher amounts of starch showed higher weight losses. This might be due to the loss of starch which dissolved in water. All blend films showed drastic weight losses versus hydrolysis times, compared with the native LDPE without sago starch. As seen in Table 2 , accelerated alkali hydrolysis resulted in greater weight losses for the polymer blends than simple hydrolysis, presumably because of the NaOH presence, which enhances the solubilization of sago starch in the polymer blend. It was also demonstrated that accelerated alkali hydrolysis resulted in more weight losses for the system with prooxidant (LDPE with MB) than from those without them. Hydrolysis of the sample leaves behind PE, the amount of which decreased continuously with increasing hydrolysis time. Hydrolysis studies thus confirm the degradation that seems to start at the pendant chains of degradable polymer, i.e., starch and continues step-by-step in the bulk of the molecule and induces the same in PE segments. The purpose of using these methods for assessing the biodegradability of blends was to prove that the blends could be degraded in water with different values of pH. Graft copolymerization has been achieved for the systems where the monomer is polymerized in the presence of preformed polymer backbone using different kinds of initiating systems. However, in the present work, the graft copolymer of two preformed polymers, i.e., PE and starch, was synthesized. The activation of PE is initiated through gamma radiation, which generates macro oxy radicals (I) through the peroxidation process. These peroxidic linkages generate macro peroxy radicals upon heating, where the formation of graft copolymer can take place through ether linkage.
BPO is a known free radical initiator for carrying polymerization and graft copolymerization reactions. The generation of active sites on starch (II) can take place by the abstraction of hydrogen by the phenyl radical.
where ∼∼∼ PH ∼∼∼ represents starch. The two macro radicals (I) and (II) intercross link to give the graft copolymer.
Graft copolymerization of starch onto PE was carried out as a function of different reaction variables such as concentration of BPO, temperature, time of reaction and amount of water.
Following further hydrolysis of the PE-g-starch blend, the polar starch attracts hydrophilic -OH present in H 2 O and degrades the graft copolymer as follows:
igher pH values could accelerate the degradability of LPS blends. These observations were in agreement with the results presented by researchers [22, 23] .
Scanning electron microscopy (SEM) confirmed the degradation in water environment. Figure 2A -D display the SEM photographs of simple and alkali-accelerated hydrolysis. SEM photographs demonstrated degradation of starch particles within the LDPE. Starch particles in all specimens degraded regardless of degradable environments. Large cracks and holes appeared on the surface of the matrix, which apparently resulted in its collapse, thus exposing the embedded starch granules. Fracture surface of alkaline hydrolysis showed many cracks, voids and holes compared to fracture surface of simple hydrolysis. This proves that higher pH value can affect the degradation of the blends. Table 3 shows the degradation of native LDPE, LPS and LPS30MB blends in exposure to fungi environment. The weight loss of native LDPE, LPS and LPS30MB samples after their exposure to fungi for 30 days was observed. The weight loss observed over the period of study was larger with increasing starch content in the blend film. This means that percentage weight loss of the films increased continuously with increasing starch content, indicating that the samples continuously degraded with increasing starch content and suggested that microorganisms consume starch and create pores in the LDPE matrix. The highest rate of biodegradation or weight loss percentage was obtained for LPS30 and LPS30MB samples, which was 4.12% and 6.52%, respectively. However, native LDPE show very minimum weight loss percentage which was only 0.09% after 1 month fungi exposure. Table 3 also shows the rating of visual assessment of A. niger growth for various compositions of LPS and LPS30MB blends. From the results, it was shown that there was no fungi growth on the surface of LDPE, as can be seen in Figure 3A . Plastics are resistant to biological degradation, because the microorganism does not have enzymes capable of degrading and utilizing the synthetic polymer. PE is hydrophobic, so then is limited to the enzyme activities. In addition, there was no nitrogen source to support the fungal growth in the LDPE. Therefore, less biodegradability was observed.
Exposure to fungi environment
In contrast, A. niger grew on the LDPE containing starch. In addition, the growths were visible to the naked eye at the sago starch loading 5 wt%-10 wt% with growth covering between 10% and 30% of the surface of the samples. At 30 wt% sago starch contents, almost all of the specimen surface was covered by fungi growth. This indicated that the growth of A. niger colony increased as the starch content increased. These observations agreed with the results presented by Akaranta and Oku [24] . They reported that the growth of colony increased with the increase in the filler content of the films. In this study, heavy fungus growth after 30 days was observed with blends containing 30 wt% starch. After 30 days of incubation, LDPE mold did not exhibit color change or mold growth. This result is similar to other researchers' work on polymer degradation [25] [26] [27] . The result was in agreement with percentage weight loss and SEM. Figure 4 shows the percentage of weight loss of native LDPE, LPS and LPS30MB blend films after 6 months exposure to natural weathering. The samples were not discolored indicating that samples were not chemically interacted, but reduction in weight was observed. The native LDPE showed a lag phase of the 1st month, after which a slight weight loss (0.31%) was observed. However,
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Figure 3 Visual of fungi growth (Aspergillus niger) on surface of native low density polyethylene (LDPE), and LPS or LPS30MB blend films with and without incorporation of starch; (A) native LDPE, (B) LPS5, (C) LPS10, (D) LPS15, (E) LPS20, (F) LPS25, (G) LPS30 (H) LPS30MB.
a weight loss of 10% was achieved for the LPS30MB sample after 6 months of weathering conditions. Prooxidant transition metal combinations demonstrated the greatest effect on natural weathering. Upon activation by heat in the presence of oxygen, pro-oxidants produced free radicals on the PE chain, which resulted in oxidation and change in physical properties. Figure 4 Weight change of native low density polyethylene (LDPE), LPS and LPS30MB blend films after 6 months exposure to natural weathering. Table 4 Tensile properties of native low density polyethylene (LDPE), LPS and LPS30MB blend films during indoor and outdoor exposure.
Samples
Indoor weatherability process
Outdoor weatherability process
Month 3 Month 6 Month Month 3 Month 6 Month
Tensile strength (MPa) Native LDPE 7.19 ± 1.0 7.15 ± 0.9 7.12 ± 0.6 6.9 ± 0.7 6.7 ± 0.6 6.5 ± 0.85 LPS5 6.8 ± 0.5 6.7 ± 0.2 6.6 ± 0. Table 4 shows the effect of exposure time on tensile properties (tensile strength and elongation at break) of native LDPE, LPS and LPS30MB blend films after being subjected to indoor and outdoor weathering for up to 6 months. The results of tensile strength and elongation at break values of native LDPE, LPS30 and LPS30MB blend films were found to be 7.2 ± 0.6, 5.6 ± 0.5, 6.4 ± 0.8 MPa and 127.1 ± 14.5, 21.4 ± 1.1, 18.6 ± 0.7%, respectively. We observed that the tensile strength and elongation at break decreased slightly for all samples during 6 months of indoor weathering. Therefore, the degradation of the blend films kept indoors require a very long time. The tensile properties of native LDPE, LPS30 and LPS30MB blend films changes with increasing outdoor exposure time, which is a sensitive measure of the heterogeneity of the material. It was found that for native LDPE, LPS30 and LPS30MB blend films, both tensile strength and elongation at break decreased slowly with degradation time. After 6 months of outdoor weathering, the tensile strength and elongation at break of the blend films were found to be 6.5 ± 0.85, 2.3 ± 0.07 and 2.5 ± 0.09 MPa and 87.2 ± 7.8, 14.5 ± 1.5 and 11.2 ± 0.6%, respectively. The reduction of tensile properties was probably due to the poor surface UV resistance of the starch. For the LPS30MB blend films shown in Table 4 , a sudden loss in tensile strength and elongation at break was observed soon after the outdoor exposure. The tensile strength and elongation at break dropped by as much as 14% and 39.62%, respectively, for sample LPS30MB. This clearly suggests the major role played by manganese stearate in promoting the weathering degradation of the LPS30MB blend films. The loss in tensile properties could be attributed to the material oxidation taking place in the air and accelerated by the UV. This is in accord with Baum and White [28] , who detected hydroperoxide as the first product of UV oxidation followed closely by peroxide on LDPE samples exposed to weather for different times. They added that all mechanisms of polyolefin oxidation lead to oxygenated products. Although decomposition of the hydroperoxide formed usually leads to chain splitting, recombination of free radicals products can lead to crosslinking in PE. The presence of a metal compound will catalyze the hydroperoxide decomposition step of the oxidation mechanism. It is well known that metal compounds function according to the mechanisms shown in Scheme 1. while the second stage occurs in the range of 450°C-500°C. Figure 5 shows the onset of degradation temperature T d for both stages as well as percentage of weight loss and residue at the specific temperature for the blends. As listed, < 2.5% residue was left at 500°C. Clearly, the first T d curve shifted towards lower temperatures after degradation. Before degradation the LPS30MB blended sample started to degrade at 311.5°C, whereas the LPS30MB blended sample after degradation began to decompose at 309.8°C. The sago starch content affected the amount of weight loss of the blend at this stage. These results confirm that the first weight loss must be due to the decomposition of sago starch. Figure 6A shows the SEM micrograph of native LDPE before polymer degradation. The native LDPE has a smooth surface. In the case of the LPS blend shown in Figure 6C -F, there was less compatibility between LDPE and starch. The starch appeared as droplets within the LDPE matrix, and they apparently showed a tendency to form clusters and, as implied by the presence of elongated cavities, droplet coalescence, resulting in a practically continuous structure. Figure 6G and H show a macroscopic view of the degradation sample of LPS30MB after 6 months natural weathering exposure. As was observed, natural weathering exposure changed the surface morphology of the LPS30MB blend. Large cracks and holes appeared on the surface of the matrix which apparently resulted in its collapse, thus exposing the embedded starch granules. The polymer blend showed a superficial embrittlement with high superficial damage levels compared to before the natural weathering test. The fracture surface of the LPS30MB blend had highly cracked after natural weathering was observed.
The weathering effect on the tensile properties of various LDPE films
TGA of LPS30MB blend films by weathering test
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All native LDPE, LPS and LPS30MB specimens were exposed to soil for a period of 6 months and weight loss was recorded after 1, 3 and 6 months. The samples were not discolored, indicating that they were not chemically interacted, but reduction in weight was observed. This is due to bleaching, dissolving or degradation of starch microorganism attack. The rates of biodegradation of native LDPE, LPS and LPS30MB blend films are presented in Figure 7 . It was noticed that the percentage weight loss increased with increasing starch content in the LDPE Native LDPE: before degradation Native LDPE: after degradation LPS5: before degradation LPS5: after degradation LPS20: before degradation LPS20: after degradation LPS30MB: before degradation LPS30MB: after degradation Figure 6 (A-D) Scanning electron microscopy (SEM) micrographs (magnification 100 × ) of native low density polyethylene (LDPE) and LPS5 blend films before and after 6 months exposure to natural weathering. (E-H) SEM micrographs (magnification 100 × ) of LPS20 and LPS30MB blend films before and after 6 months exposure to natural weathering.
matrix. There was about 6.87% weight loss in 30% starch content LDPE film after 6 months exposure to a soil environment. In the soil, the LPS blend films showed the highest weight loss, while native LDPE showed the lowest weight loss over time. This finding was attributed to the sago starch content in the film because sago starch is more biodegradable than native LDPE. The native LDPE, which is biodegradable due to its high hydrolyzability, exhibited a higher resistance against soil burial degradation [29] . The results show that sago starch content affected the percentage of weight loss, which decreased at a slow rate. This indicates that the soil burial had a weak effect on weight loss of LPS blends. However, a weight loss of 9.24% was achieved for the LPS30MB sample after 6 months exposure to a soil environment. The decline of weight loss percentage was an indicator of soil burial efficiency, especially where large amounts of starch were used. Higher starch content in LDPE reduced the mechanical properties, because it could absorb moisture from the surroundings, and could then be attacked by microorganisms such as fungi and bacteria, resulting in porosity and voids. Then, the loss of integrity of the plastic matrix enhanced the breakdown of the matrix polymer into smaller particles, which could be attacked by other degradation routes. The weight loss of all samples exhibited an induction period for about 3 months and then gradually increased with a lower rate, while the weight loss of the outdoor exposed films increased with a higher rate. This can be explained by the fact that the starch granules are covered by the PE layer under the soil burial that could not allow sunlight to activate the degradation of LDPE. The starch cannot be attacked easily by the microorganism. It does need a longer time to observe the loss in weight for a burial test compared with the outdoor exposure test. Figure 7 Weight change of native low density polyethylene (LDPE), LPS and LPS30MB blend films after 6 months exposure to burial in soil.
Soil burial effect on the tensile properties of various LDPE films
In most applications envisaged for films or fibers in contact with the soil, loss in tensile properties is the most relevant practical criterion to determine degradation [30] . The effects of soil burial tests on tensile properties such as tensile strength and elongation at break of native LDPE, LPS and LPS30MB blend films are illustrated in Figure 8 . Tensile strength and elongation at break of LDPE showed an induction period for 1 month and decreased afterwards with a higher rate. The elongation exhibited a stronger reduction than did the tensile strength. For native LDPE, LPS30 and LPS30MB blend films, after 6 months of outdoor weathering, the tensile strength and elongation at break decreased from 7.2 ± 0.6 to 6.5 ± 0.4, 5.6 ± 0.5 to 2.3 ± 0.2 and 6.4 ± 0.8 to 2.5 ± 0.3 MPa and 127.1 ± 14.5 to 106.1 ± 11.3, 21.4 ± 1.1 to 13.5 ± 0.9 and 18.6 ± 0.7 to 10.8 ± 0.6%, respectively. The reduction in tensile strength was found in the LPS30MB samples due to the enhanced effect of the pro-oxidant. The decrease in mechanical strength after soil burial can be caused by the starch embedded in the LDPE matrix, which can produce flaws or defects that are a sensitive characteristic feature for mechanical behavior. At higher starch content, the higher feebleness in the blend led to a decrease in mechanical properties, because moisture could be absorbed from the surroundings, which meant that microorganisms such as fungi and bacteria could then attack, resulting in porosity and voids. LPS30MB: before degradation (50x) LPS30MB: after degradation (50x) LPS30MB: before degradation (100x) LPS30MB: after degradation (100x) Figure 10 Scanning electron microscopy (SEM) micrographs of LPS30MB blend films with magnification of 50 × and 100 × before and after 6 months exposure to soil burial.
TGA of LPS30MB blend films by soil burial test
The effects of soil burial test on TGA-DTG analysis of LPS30MB blend films are shown in Figure 9 . It can be seen that LPS30MB blend films showed two decomposition stages. Both curves showed different thermal stability.
After soil degradation exposure, the first T d shifted towards a low temperature, indicating that the first stage of degradation at 310°C is due to starch decomposition. However, there was no effect from sago starch at the second stage of thermal degradation for both curves. Also, as presented in Figure 9 , the weight loss at 450°C decreased after degradation environment exposure. This result indicated that the second stage started to degrade at about 420°C for both curves and is due to the LDPE decomposition. Thermal stability of the LPS30MB blend after soil burial degradation increased as indicated by the shift of the second stage of thermal decomposition of the LPS30MB blend towards a higher temperature. In other words, the LPS30MB blend after degradation exposure had higher thermal stability than the LPS30MB blend before degradation exposure.
SEM
The SEM photographs of the LPS30MB blend films after soil burial exposure are shown in Figure 10 . The SEM micrographs demonstrated the degradation of starch particles within the blend. Starch particles in all blends degraded regardless of degradable environment. The degradation degree was increased with increasing degradation time. This phenomenon was observed in degradation of all samples. They either disintegrated or appeared on the surface of their blend. Disintegration of starch particles brought about changes of the blend surface structure. Specimens buried under the moist soil for 6 months test demonstrated that starch particles broke up completely when viewed by SEM. It can be seen from Figure 10B -D that the surface of the LPS30MB blend after the soil burial test became rougher, with big cavities, than the control sheet before the degradation process shown in Figure 10A and B. In addition, at 30 wt% sago starch loading, continuous holes and voids were seen due to the starch which leached out. Small cracks appeared on the surface of the matrix which apparently resulted in its collapse, thus exposing the embedded starch granules. Among all of the degradation tests conducted, perhaps the one that produced the most dramatic changes on the weight loss and morphological properties was natural weathering exposure. Total collapse, embrittlement of the matrix and exposure of embedded sago starch granules are just some of the changes that appear in the blends. The result was in agreement with mechanical test.
Conclusions
In this study LDPE/sago starch and LPS30MB blend films were prepared and their mechanical properties and biodegradability were measured and correlated to their composition. Higher starch content in LDPE reduced the tensile strength and elongation at break due to poor interfacial adhesion between the starch and matrix. Incorporation of additive to the LPS30MB blends is necessary to improve the tensile properties. Alkaline hydrolysis produced high dramatic changes and conducted fast degradation compared to simple hydrolysis after 18 h. Biodegradation rate of the blends increased with increasing starch content, due to increased microbial invasion on the blends. This indicated that the growth of A. niger colony increased with increasing starch content. The incorporation of manganese stearate as the key prodegradant greatly increased the rate of biodegradation. Data show that these new polymer blends may be applied as agricultural plastics such as films, flower cases and bags, horticulture, packaging and related industries where rapid degradation is desirable.
